Douchi, a popular seasoning agent in Chinese dishes prepared by the Aspergillus oryzae fermentation of black beans, was subjected to supercritical fluid extraction (SFE) and gas chromatography-mass spectrometry analysis for its volatile components. A total of 73 components were identified in two commercial brands, which were positively confirmed and quantified. Among the common components in the two brands were 18 acids, 12 alcohols, 11 aldehydes, 9 esters, 1 furan, 11 other oxygen-containing compounds, 4 pyrazines, 2 pyridines and 5 miscellaneous compounds. The most abundant components found were acetic acid, benzoic acid, 2,6-dimethylpyrazine, 2-piperidinone, 3-methylbutanoic acid, maltol, 4-ethylphenol, 2-methylpropanoic acid, butanoic acid, 2-pyrrolidinone, all fatty acids and some esters.
INTRODUCTION
Douchi is a popular condiment in Chinese dishes. It consists of fermented and salted whole black beans. Douchi is thought to be one of the oldest fermented bean products in China. In historical records (the Shih-chi), written in the second century B.C., the product is mentioned as a popular food seasoning and preservative, second to salt (1) . Douchi-making spread to Japan, where it is called hamanatto, and to the Philippines and Singapore (tou-si) (2) . To make douchi, black beans are washed, soaked, boiled to make them soft, cooled down, covered with straw and inoculated. Though Aspergillus oryzae is traditionally used for inoculation, other microorganisms are also used, such as Mucor spp. and Bacillus spp. The mixture is incubated at room temperature for several days until the beans are covered with a white mold. The result is called koji, which is used as a starting culture for several other fermented soy products such as soy sauce and miso (1) . The koji is then washed to completely remove all mycelia and spores from the beans. If the beans are not properly washed, this can result in a bitter taste. The beans are salted with brine, transferred to earthenware jars and left to age. The final product is sun-dried (1) . Japanese hamanatto has a similar production process, but wheat is added to the beans before inoculation.
A supercritical fluid is a form of matter in which the liquid and gaseous states are indistinguishable. Fluids or gases turn supercritical at temperature-time combinations above the critical temperature (T c ) and critical pressure (P c ). In this supercritical region, no liquefaction will take place on raising the pressure and no gas will be formed on increasing the temperature. Supercritical fluids have, like gases, low viscosities, high diffusion rates and very low surface tension, while sharing high densities and excellent solvent powers with liquids. These properties make supercritical fluids very suitable for extraction purposes (3). Since most flavor components are fat soluble, supercritical fluid extraction (SFE) is used to extract flavor components from douchi. Though the flavor profile of other fermented soy products, such as soy sauce and miso (fermented soybean paste), has been extensively studied, not much information is available on douchi. The objective of this study was to analyze the volatile components present in the douchi using SFE as the extraction method.
MATERIALS AND METHODS
Two samples (brands B and D) of douchi, Chinesetype fermented black bean, were bought at a local market in Hong Kong. Douchi of brand B was produced in Hong Kong, brand D originated from Guangdong, China. Fermented beans were ground using a mortar and pestle before extraction to increase their contact surface.
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Supercritical fluid extraction (SFE)
Three grams of the ground douchi was transferred to a 10 mL polymer cartridge (Isco Inc., Lincoln, Nebraska, USA). The cartridge was filled with inert WetSupport TM (Isco Inc., Lincoln, Nebraska, USA) to reduce the void space. Finally, 1 mL of 0.458 µg/mL 2,4,6-trimethylpyridine was added as an internal standard. Douchi of both brands was extracted in triplicate. Supercritical fluid extraction was performed on an Isco SFX TM 3560 automated supercritical fluid extraction system (Isco Inc., Lincoln, Nebraska, USA). Supercritical carbon dioxide was used as the extraction fluid. Extraction was performed at 60 o C, 7000 psi operating pressure and 2.0 mL/min restriction flow rate. The extraction method consisted of two steps, a static and dynamic extraction step, set at 5.0 min and 30.0 min, respectively. Extract was collected in glass collection tubes containing 20 mL of dichloromethane. Initially extractions were performed to minimize solvent and volatile loss during extraction by varying the collection temperature, collection pressure and solvent replenishment condition. Finally, extract was collected under pressure at -10 o C and slowly reheated to room temperature after finishing the extraction. Solvent (0.5 mL) was automatically added to the collection tube every 10 min for replenishment. Extracts were dehydrated by pouring through a 2.5 g of anhydrous sodium sulfate column and then drying to a volume of approximately 0.1 mL using prepurified nitrogen gas to prepare for GC-MS separation and analysis.
Gas chromatography-Mass spectrometry (GC-MS)
One microliter of dehydrated and dried extract was injected at splitless mode into a Hewlett-Packard 6890 GC (Hewlett-Packard Co., Palo Alto, CA, USA New York, NY, USA). Components were quantified by comparing the peak area of a specified fragment of a component to the peak area of the fragment with m/z 121 of the internal standard (5) . Positively identified components were quantified using three-point calibration curves of corresponding authentic standards. The relative abundance of tentatively identified components was estimated by the area ratios of these components to the area of the internal standard.
RESULTS AND DISCUSSION
In the two brands of douchi, a total of 73 components were positively identified (Table 1) . These common components were categorized as 18 acids, 12 alcohols, 11 aldehydes, 9 esters, 1 furan, 11 other oxygen-containing compounds, 4 pyrazines, 2 pyridines and 5 miscellaneous compounds.
Many fatty acids such as hexadecanoic acid, (Z)-9-octadecenoic acid and (E,E)-9,12-octadecanoic acid were present in the extracts in very high quantities. There were no significant differences in the concentrations of these components between the extracts of the two brands. The fatty acids are likely to be produced by the action of fungal lipases on the lipids of the beans (6). The smaller acid components such as acetic acid were highly abundant in the extracts. Acetic acid was found in both brands in very high quantities and had a strong pungent sour odor (7) . The penetrating, sour tasting 3-methylbutanoic acid (8) was highly abundant in brand B, but only present in small amounts in brand D (p>0.05). The same could be said for 2-methylpropanoic acid. The concentration difference was 51% in the latter and 70% in the former. The former was also reported to have a rancid, cheese-like, sweaty, fecal and putrid flavor (7) and the odor of the latter was described as penetrating, rancid butter (7). Both components are thought to be produced during fermentation.
Of the common components in the alcohol class, 4-ethylphenol was the most abundant, though it was as much as six times more abundant in brand B than in D. The component was also found in extracts of the plain fermented soybean curd (5) and is reported to have a pleasant strong, sweet honey-like odor and a bittersweet taste (8) . Other alcohols also found in plain soybean curd include 2-heptanol, benzenemethanol, phenol and 2-me- (12) 2-heptanol 2) Mass/charge value of specified fragment used for concentration calculation. 3) Retention indices calculated on the basis of van den Dool and Kratz (4). 4) Probability that the concentrations of the component in the two brands is identical (two-tailed Student t-test, n=3). n.c= not calculated. 5) Significant difference in concentration of the component in the two brands according to a two-tailed Student t-test (α=0.05), yes or no.
thoxy-4-vinylphenol. The last compound has a spicy, clove-like flavor and is thought to be the thermal degradation products of the lignin-related phenolic carboxylic acids (9) . But the compound is considered to be an off-flavor in orange juice (10). 2-Ethyl-1-hexanol, a component with a mild, oily, sweet, slight rosy aroma, was also found in red fermented soybean curd by Chung (11). 2-Undecanol was found in low concentrations in both brands, but the concentration was significantly higher in brand B (p>0.05). Alcohols have fatty odors with a fruity note and taste (8) .
The abundance of aldehydes in the douchi extracts was relatively low. Among the more abundant aldehydes were n-hexanal, 5-methyl-2-phenyl-2-hexanal, benzaldehyde, nonanal and phenylethanal. n-Hexanal contributes to the green aroma of soybean products and is, together with benzaldehyde, thought to be produced by lipid oxidation and degradation (5, 12) . The last compound has an aromatic taste similar to almond and is thought to contribute to the aroma of roasted, cooked fermented soybean cotyledons just as nonanal, which has a strong fatty odor and a citrus flavor (8,11). 5-Methyl-2-phenyl-2-hexenal was also found in extracts of red fermented soybean curds by Chung (11). It was described as having a prune-like flavor. Phenylethanal, which did not exceed the threshold value of 4.0 µg/kg, is described as having a rosy flavor in red fermented soybean curds (11) . The component is known to be a Strecker degrada- Difference calculated as percentage of the more abundant component, a positive value means the component is more abundant in brand B.
2)
>> meaning present in high quantity (>100 µg/mg) in brand B, but absent in D.
3)
Flavor references: Aldrich (7); Fenaroli (8) .
tion product of the amino acid phenylalanine (10) . Other components present both in douchi and in white fermented soybean curds were (E,E)-2,4-heptadienal and (E,E)-2,4-decadienal. Esters found in high quantities in the extracts were all methyl or ethyl esters of the highly abundant fatty acids. Ethyl hexadecanoate has a faint waxy odor, ethyl (Z)-9-octadecenoate has a floral note and ethyl 9,12,15-octadecatrienoate has been described as sweet and mild creamy (5, 8, 11) . The concentrations of these components in douchi however did not exceed the threshold values of 2.5 × Only one furan was found in douchi. 2-Pentylfuran was present in small amounts. It has a fruity odor and a metallic, green bean aroma (8, 12) and was reported in concentrations exceeding its odor threshold value in roasted, cooked, fermented soybean cotyledons. As much as 11 other different common oxygen-containing compounds were found in the two brands of douchi, of which maltol, was present in very high quantities in both brands. Maltol (3-hydroxy-2-methyl-4H-pyran-4-one) has a warm sweet, fruity odor (8). 2,5-Dimethyl-4-hydroxy-3(2H)-furanone, also known as furaneol (10) , was present in small amounts, but in significantly higher concentrations in brand D than in brand B. It has a strawberry-like note at low concentrations and serves as character impact component in pineapple, strawberry and muscadine grape juice (8, 10) . Wu and Cadwallader (10) could detect the component in considerable concentrations in a meat-like process flavoring made from enzyme-hydrolyzed soybean protein. Chung (11) reported its presence in plain fermented soybean curd, whereas dihydro-2(3H)-furanone, a component with a faint, sweet, caramel flavor was only detected in red fermented soybean curd (11) . According to Chung (5) most heterocyclic ketones do not naturally occur in soybeans, but are thermally generated in soybean products during heating. 2-Piperidinone, 2-pyrrolidinone and 2,5-pyrrolidinedione were present in very high quantities in both brands.
2,6-Dimethylpyrazine was predominant in the class of pyrazines. All pyrazines found are also found in fermented soybean curds and have a nutty aroma (5). Because of their abundance, pyrazines are often suggested to be important contributors to the characteristic odor of fermented soybean products such as douchi, hamanatto, natto, sufu and fermented soybean curd (5, 13, 14) . Owens et al. (12) reported the degradation of 2,6-dimethylpyrazine during fermentation of roasted, cooked soybean cotyledons. No significant difference could be found in concentrations of pyrazines present in brands B and D. Besides 2,4,6-trimethylpyridine (IS), which was added as an internal standard, only 2-phenylpyridine was found in douchi in small concentrations.
All of the components in the miscellaneous class were present in small quantities. Naphthalene was described to have a mothball-like flavor and was also found in fermented soybean curd by Chung (5). The component was responsible for a strong unpleasant odor and was suggested to be a contaminant from the environment.
While most of the 73 different components found in SFE extracts of douchi were present in similar amounts in both brands B and D, brand B seemed to have a sig-nificantly higher concentration of important flavor components. Major differences in concentrations of flavor components between the two brands are summarized in Table 2 . The data suggests that the aroma of douchi of brand B is both more bitter and sour. However, since sensory analysis was not done, this could not be confirmed. The high abundance of ethyl esters of fatty acids suggests the presence of ethanol. Since ethanol was absent in SFE extracts, it is expected that ethanol was originally present in douchi, but evaporated from the extract with the solvent during extraction. Generally, the extracted amount of each component was between 10 -4 ～ 10 -3 µg/g, while abundant components were in range of 0.1～1.0 µg/g. Acetic acid was one of the most abundant components at a concentration of 14 µg/g. Seventy-three components were found in SFE extracts of douchi and were divided into difference classes including 18 acids, 12 alcohols, 11 aldehydes, 9 esters, 1 furan, 11 other oxygen-containing compounds, 4 pyrazines, 2 pyridines and 5 miscellaneous compounds. Though many of these components were found in both brands in similar amounts, some of the more abundant components were significantly more abundant in brand B. These results suggest that brand B might have more bitter and sour aromas than the other sample.
